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© Differential amplifying circuit operable at high speed. 



© A differential amplifying circuit comprises a dif- 
ferential input portion (112), a load portion (122), a 
switching portion (124), and a constant current 
source (126). The differential input portion (112) is 
connected to the constant current source (126), and 
includes a pair of field effect transistors (FETs) (114, 
116), with one (114) having a gate receiving an input 
^voltage (VI), a source connected to the current 
^source (126) and a drain connected to a first node 
^(N2), and the other (116) having a gate receiving a 
preference voltage (VR1), a source connected to the 
w- 1 current source (126) and a drain connected to a 
(V) second node (N3). The load portion (122) includes a 
©pair of FETs (128, 130), with one (128) having a 
^4* drain connected to a first power source (VDD) and a 
©source connected to a first output terminal (OUT1), 
^ and the other (130) having a drain connected to the 
2j first power source (VDD) and a source connected to 
a second output terminal (OUT2). The switching por- 
tion (124) includes a pair of FETs (132, 134), with 



one (132) having a source connected to the first 
output terminal (0UT1), and the other (134) having a 
source connected to the second output terminal 
(OUT2). The pair of FETs (128, 130) of the load 
portion (122) respond to the potentials of the first 
arid second nodes (N2, N3), respectively, so that the 
switching portion (124) can perform high speed 
switching operation. 
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DIFFERENTIAL AMPLIFYING CIRCUIT OPERABLE AT HIGH SPEED 



BACKGROUND OF THE INVENTION 



Field of the Invention 

. The present invention relates to a differential 
amplifying circuit of the type using field effect 
transistors (FETs) and applicable to semiconductor 
integrated circuits or similar circuitry. More particu- 
larly, the present invention is concerned with a 
differential amplifying FET circuit with a common 
source connection circuit formed on a compound 
semiconductor (for example, gallium arsenide) sub- 
strate. 



Description of the Prior Art 

A differential amplifying circuit described above 
has been proposed in various forms in the past. To 
better understand the present invention, a brief 
reference will be made to some prior art differentia! 
amplifying circuits. 

FIG. 1 shows a prior art differential amplifying 
circuit with input terminals 10 and 12. An input 
voltage VI and a reference voltage VR1 are applied 
to the input terminals 10 and 12, respectively. A 
differential input section 14 is connected to the 
input terminals 10 and 12 and has a pair of en- 
hancement type FETs 16 and 18. The FET 16 is 
turned on and off by the input voltage VI, while the 
FET 18 is turned on and off by the reference 
voltage VR1. The FETs 16 and 18 have drains 
connected to a load section 20, and sources con- 
nected to a negative power source voltage VSS via 
an enhancement type FET 22. This FET 22 plays 
the role of a constant current source. 

The load section 20 has a depletion type FET 
24 connected between a positive power source 
voltage VDD and the drain of the FET 16, and a 
depletion type FET 26 connected between the 
power source voltage VDD and the drain of the 
FET 18. The FETs 24 and 26 serve as load ele- 
ments. Output terminals 28 and 30 on which output 
voltages out1 and out2 appear, respectively, are 
connected to the drains of the FETs 16 and 18, 
respectively. In Fig. 1, the reference numeral 32 
designates an input terminal assigned to a refer- 
ence voltage VR2. 

In operation, when the input voltage VI applied 
to the input terminal 10 is higher tharrthe reference 
voltage VR1, the FET 16 is turned on with the 
result that the potential at the output terminal 28 
turns from a high level or "H" to a low level or "L". 
Then, a current flows into the amplifying circuit via 



the output terminal 28. This incoming current and 
the current from the load FET 24 join each other 
and flow together into the negative power source 
voltage VSS via the constant current source 22. At 

5 this time, the potential at the output terminal 30 
turns to a high level because the FET 18 remains 
in an OFF state. Consequently, a current flows out 
to -a succeeding circuit, not shown, from the power 
source voltage VDD via the FET 26 and output 

10 terminal 30. 

On the other hand, when an input voltage VI 
lower than the reference voltage VR1 arrives at the 
input terminal 10, the FET 16 is turned off resulting 
in the output terminal 28 in a high level. As a 

75 result, a current flows out from the power source 
voltage VDD to the succeeding circuit via the FET 
24 and output terminal 28. Since the FET 12 is in 
an ON state, the potential at the output terminal 30 
turns from a high level to a low level with the result 

20 that a current flows into the amplifying circuit via 
the output terminal 30. This current and a current 
from the FET 26 join each other and flow together 
into the negative power source voltage VSS via the 
FET 18 and constant current source 22. 

25 The prior art differential amplifying circuit hav- 

ing the above construction uses the FETs 24 and 
26 as load elements and selects a saturation drain 
current of such elements which is substantially one 
half the current of the constant current source 22. 

30 A drawback with this configuration is that when the 
input voltage VI having a great amplitude arrives, 
the resultant output waveform appears stepwise 
and is thereby degraded. 

FIG. 2 shows another prior art differential am- 

35 plifying circuit which is disclosed in Japanese Pat- 
ent Publication No. 7522/1989. In the figures, the 
same components are designated by like reference 
numerals, and redundant description will be avoid- 
ed for simplicity. The circuit of FIG. 2 is distin- 

40 guishable over the circuit of FIG. 1 in that depletion 
type FETs 40 and 42 are provided in place of the 
load FETs 24 and 26, and that Zener diodes 44 
and 46 are respectively connected in parallel with 
the FETs 40 and 42 in opposite direction. In FIG. 2, 

45 the reference numerals 47 and 48 designate input 
terminals assigned to input voltages VI1 and VI2, 
respectively. 

In the circuitry shown in FIG. 2, when the 
voltage across the FET or load 40 or 42 increases 

so beyond a predetermined value, a current flows 
through the associated Zener diode 44 or 46 to 
reduce the load resistance of the FET 16 or 18. It 
follows that the output waveform is protected 
against deterioration even when the input voltage 
VI has a great amplitude. However, this prior art 
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differential amplifying circuit has a problem left 
unsolved, as follows. 

Specifically, when the output terminal 28, for 
example, is caused into a low level, a discharge 
current flows into the amplifying circuit from a 
succeeding circuit, not shown. Since, the sum of 
the discharge current and the current from the load 
FET 40 constitutes the current of the constant 
current source 22, the discharge current is limited 
by the current from the FET 40. On the other hand, 
when the potential at the output terminal 28 is 
turned from a low level to a high level, a charge 
current flows out to the succeeding circuit. At this 
time, the current from the load FET 40 is the 
charge current because the FET 16 is in an OFF 
state. Since the saturation drain current of the FET 
40 is selected to be one half the current of the 
constant current source 22, such a charge current 
is limited by the saturation drain current. In this 
manner, the discharge current from and the charge 
current to the succeeding circuit are limited, im- 
peding the increase in the operating speed of the 
circuit 



SUMMARY Of THE INVENTION 

It is therefore an object of the present invention 
to provide a differential amplifying circuit which 
eliminates the drawbacks particular to the prior art 
as discussed above. 

It is another object of the present invention to 
provide a differential amplifying circuit which is 
operable at high speed. 

It is another object of the present invention to 
provide a differential amplifying circuit capable of 
feeding a great current as required by a succeed- 
ing circuit, while cutting down power consumption. 

In accordance with the present invention, a 
differential amplifying circuit comprises a first FET 
of which conduction between a drain and a source 
is controlled by an input voltage, a second FET of 
which conduction between a drain and a source is 
controlled by a first reference voltage, a constant 
current source connected between the sources of 
the first and second FETs and a low potential 
power source, a third or load FET having a drain 
connected to a high potential power source and 
having a source and a gate connected to a first 
node which is connected to the drain of the first 
FET, a fourth or load FET having a drain connected 
to the high potential power source and having a 
source and a gate connected to a second node 
which is connected to the drain of the second FET, 
a fifth FET connected between the source of the 
third FET and the first node and of which conduc- 
tion is controlled by a second reference voltage, 
and a sixth FET connected between the source of 



the fourth FET and the second node and of which 
conduction is controlled by the second reference 
voltage. 

In a preferred embodiment of the present in- 
5 vention, the third and fourth FETs each is imple- 
mented as a depletion type FET. 



BRIEF DESCRIPTION OF THE DRAWINGS 

10 

The objects and features of the present inven- 
tion will become more apparent from the consider- 
ation of the following detailed description taken in 
conjunction with the accompanying drawings in 
75 which: 

FIG. 1 is a diagram showing a prior art 
differential amplifying circuit; 

FIG. 2 is a diagram showing another prior art 
differential amplifying circuit; 
20 FIG. 3 is a diagram representative of a dif- 

ferential amplifying circuit embodying the present 
invention; 

FIG. 4 is a graph demonstrating the opera- 
tion of the illustrative embodiment shown in FIG. 3; 
25 FIG. 5 is a chart useful for understanding the 

difference in operation between the prior art circuit 
of FIG. 1 and the illustrative embodiment of FIG. 3; 

FIG. 6 is a diagram showing an alternative 
embodiment of the differential amplifying circuit in 
30 accordance with the present invention; and 

FIG. 7 is a diagram representative of a spe- 
cific application of the illustrative embodiments. 



35 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

FIG. 3 shows a differential amplifying circuit 
embodying the present invention. As shown, the 

40 circuit has an input terminal 110 to which an input 
voltage VI is applied, and a differential input sec- 
tion 112 connected to the input terminal 110. The 
differential input section 112 is made up of en- 
hancement type FETs 114 and 116. The enhance- 

45 ment type FET 114 is connected to the input 
terminal 110, while the enhancement type FET 116 
is connected to a node N1 on which a first refer- 
ence voltage VR1 appears. Resistors 118 and 120 
are connected between the node N1 and a high 

so potential power source VDD and between the node 
N1 and a low potential power source VSS, respec- 
tively. The drains of the FETs 114 and 116 are 
connected at nodes N2 and N3, respectively, to a 
load section 122 and a switch section 124. The 

55 sources of the FETs 114 and 116 are connected to 
the low potential power source VSS via an en- 
hancement type FET 126 which plays the role of a 
constant current source. 
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The load section 122 has a depletion type FET 
128 which is connected to the node N2 at the gate 
thereof, and a depletion type FET 130 connected 
to the node N3 at the gate thereof. The FETs 128 
and 130 serve as load elements. The source volt- 
age VDD is connected to the drains of the FETs 
128 and 130, while the switch section 124 is con- 
nected to the sources of the FETs 128 and 130. 

The switch section 124 has an enhancement 
type FET 132 whose drain is connected to the 
source of the FET 128 t and an enhancement type 
FET 134 whose drain is connected to the source of 
the FET 130. The gates of the FETs 132 and 134 
are connected commonly to a node N4 which is 
held at a second reference voltage VR2. A deple- 
tion type FET 136 adapted for a load is connected 
between the node N4 and the power source volt- 
age VDD. The drain of the FET 132 is connected to 
an output terminal 138 assigned to an output volt- 
age OUT1, while the drain of the FET 134 is 
connected to an output terminal 140 assigned to an 
output voltage OUT2. 

A depletion type FET 142 and an enhancement 
type FET 144 generate a constant voltage. The 
FET or constant current source 126 causes a con- 
stant current to flow at all times between the drain 
and the source thereof on the basis of the constant 
voltage which is generated by the FETs 142 and 
144 as mentioned above. Specifically, the gate of 
the FET 126 is connected to the gates of the FETs 
142 and 144 which are in turn connected to a node 
N5. The FETs 142 and 144 are connected in series 
between the node N4 and the power source volt- 
age VSS via the node N5. 

The differential input section 112 serves the 
function of a circuit for controlling the FETs 114 
and 116 on and off by detecting a difference be- 
tween the reference voltage VR1 and the input 
voltage VI. In the switching section 124, the FETs 
132 and 134 perform switching operations on the 
basis of the reference voltage VR2 so as to change 
the state of current flow sharply, whereby the logi- 
cal levels of the output terminals 138 and 140 are 
reproduced surely and rapidly. 

The operation of the circuitry constructed as 
shown in FIG. 3 will be described with reference to 
the waveforms shown in FIG. 4. When the input 
voltage VI applied to the input terminal 110 is 
higher than the reference voltage VR1, i.e., in a 
high level or M H", the FET 114 is turned on with 
the result that the current flowing between the drain 
and the source thereof is increased to in turn lower 
the voltage appearing on the node N2. As soon as 
the voltage on the node N2 is sufficiently lowered 
below the second reference voltage VR2, the FET 
132 is turned on to increase the current flowing 
between the drain and the source thereof. As a 
result, the output voltage OUT1 is brought to a low 



level or "L", as shown in FIG. 4. In this instance, 
since the gate voltage of the FET 128 is equal to 
the voltage on the node N2, the FET 128 is turned 
off when the voltage on the node N2 decreases 

5 beyond a predetermined value. Then, a current 
which does not exceed the capacity of the FET 126 
flows into the amplifying circuit via the output ter- 
minal 138 because the FETs 114 and 132 have 
been turned on. 

io The current coming in via the output terminal 

138 turns off the FET 116 and thereby increases 
the voltage on the node N3. As the voltage on the 
node N3 rises nearly to the second reference volt- 
age VR2, the FET 124 is turned off with the result 

75 that the output voltage OUT2 is turned from the low 
level to the high level, as shown in FIG. 4. Since 
the gate voltage of the FET 130 is equal to the 
voltage appearing on the node N3, the FET 130 
turns off at the instant when the voltage on the 

20 node N3 rises above a predetermined value. Then, 
since the FETs 116 and 134 are in their OFF state, 
the current flows out to a succeeding circuit, not 
shown, via the output terminal 140 within the range 
which the FET 130 accommodates. 

25 On the turn of the input voltage VI from a high 

level to a low level, the FET 114 is turned off to in 
turn increase the voltage appearing on the node 
N2. When the voltage on the node N2 increases 
nearly to the second reference voltage VR2, the 

30 FET 132 is turned off and, therefore, the output 
voltage OUT1 is caused into a high level, as shown 
in FIG. 4. Since the gate voltage of the FET 128 is 
equal to the voltage on the node N2, the FET 128 
is turned on when the voltage on the node N2 

35 increases beyond a predetermined value. At this 
time, the FETs 114 and 132 are in their OFF state, 
so that the current flows out to the succeeding 
circuit via the output terminal 138 within the range 
determined by the capacity of the FET 128. 

40 On the outflow of the current as stated above, 

the FET 116 is turned on to lower the voltage on 
the node N3. When the voltage on the node N3 is 
sufficiently lowered below the second reference 
voltage VR2, the FET 134 is turned on to cause the 

45 output voltage OU2 into a low level, as shown in 
FIG. 4. Since the gate voltage of the FET 130 is 
equal to the voltage appearing on the node N3, the 
FET 130 is turned off when the voltage on the node 
N3 drops beyond a predetermined value. At this 

so moment, the FETs 116 and 134 remain turned off 
and, hence, a current flows into the amplifying 
circuit via the output terminal 140 within the range 
determined by the drive capacity of the FET 126. 
The illustrative embodiment having the con- 

55 struction shown in FIG. 3 achieves various advan- 
tages, as follows. 

FIG. 5 is a graph comparing the operation of 
the illustrative embodiment with that of the prior art 
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circuitry of FIG. 1. Specifically, the curves shown in 
FIG. 5 simulate the relationship between the cur- 
rent and output voltage on the output terminal and 
the time, on the assumption that the constant cur- 
rent sources of the circuits shown in FIGS. 1 and 3 
are the same, and that the load acting on the 
output terminal is 0.3 picofarad. In FIG. 5, curves 
labeled X and Y are associated with the circuits of 
FIGS. 3 and 1, respectively. As shown, the opera- 
tion X*of the illustrative embodiment achieves 
greater incoming and outgoing currents than the 
operation Y of the prior art, because the FETs 1 28, 
130, 132 and 134 turn on and off. Such incoming 
and outgoing currents allow the output voltage level 
to settle rapidly. 

In the circuit shown in FIG. 3, an arrangement 
may be made such that the first reference voltage 
VR1 coincides with the center of the levels of the 
input voltage VI, and the second reference voltage 
VR2 coincides with the center of the logical am- 
plitude levels which are determined by the current 
ratio in the conductive state of the FETs 114, 116, 
128, 130 and 126. Then, the on-off operations of 
the FETs 128, 130, 132 and 134 serve to set cause 
the logical levels of the nodes N2 and N3 or those 
of the output terminals 138 and 140 to settle more 
rapidly. This is successful in further promoting 
high-speed operations and in increasing the sen- 
sitivity. 

The conduction of the FET 128 is controlled by 
the voltage appearing on the node N2, while the 
conduction of the FET 130 is controlled by the 
voltage appearing on the node N3. Hence, even 
when a circuit having a great load capacitance is 
connected to the output side of the circuit shown in 
FIG. 3 and requires the latter to supply a great 
current thereto, a sufficient current is insured up to 
the limit which depends on the capacity of the FET 
126. Therefore, the circuit is operable at high 
speed. 

Since the FETs 128 and 130 serving as load 
elements are implemented as depletion type FETs 
the ON resistance of which is comparatively small, 
a great current can be fed to the succeeding circuit 
and, yet, the power consumption is reduced. 

Referring to FIG. 6, an alternative embodiment 
of the differential amplifying circuit in accordance 
with the present invention is shown. In FIG. 6, the 
same components as those shown in FIG. 3 are 
designated by like reference numerals, and redun- 
dant description will be avoided for simplicity. The 
circuit of FIG. 6 differs from the circuit of FIG. 3 in 
that the resistors 118 and 120 for generating the 
first reference voltage VR1 are omitted, and that an 
Input voltage VTopposite in phase to the input 
voltage VI coming in from the outside is applied to 
the gate of the FET 116. Specifically, the input 
voltage VPs applied to a second input terminal 



146. Regarding the operation, the alternative em- 
bodiment is essentially the same as the previous 
embodiment. When the input voltage VTopposite in 
phase to the input voltage V1 is applied to the gate 

5 of the FET 116 as mentioned, the FETs 114 and 
116 are operated at the same time. Hence, this 
embodiment achieves even higher operating speed 
and sensitivity than the previous embodiment. 

FIG. 7 is a diagram showing an input circuit 

70 which is a specific application of the illustrative 
embodiments state above with reference to FIGS. 3 
and 6. In the figures, the same components are 
designated by like reference numerals, and redun- 
dant description will be avoided for simplicity. As 

15 shown, the Input circuit has an input terminal 150 
to which an input voltage VI is applied, and an 
output terminal 152. A differential amplifying circuit 
154, a level shifting circuit 156, a differential am- 
plifying circuit 158, and a level shifting circuit 160 

20 are cascaded in this order between the input termi- 
nal 150 and the output terminal 152. The differen- 
tial amplifying circuits 154 and 158 are imple- 
mented by the illustrative embodiments shown in 
FIGS. 3 and 6, respectively. 

25 The level shifting circuit 156 is made up of a 

series connection of normally OFF FETs 156a and 
156b intervening between power source voltages 
VDD and VSS, and a series connection of normally 
OFF FETs 156c and 156d also intervening between 

30 the power source voltages VDD and VSS. The level 
shifting circuit 156 has a function of lowering the 
voltage to below the input voltage VI. The gates of 
the FETs 156a and 156c are respectively con- 
nected to the output voltages OUT1 and OUT2 of 

35 the differential amplifying circuit 154. The gates of 
the FETs 156b and 156d are connected to the gate 
of the FET 144 of the differential amplifier 154. The 
output voltage between the FETs 156a and 156b 
and the output voltage between the FETs 156c and 

40 1 56d are connected to the differential amplifier 158, 
while the output voltage of the differential amplifier 
158 is in turn connected to the level shifting circuit 
160. 

The level shifting circuit 160 has an enhance- 
45 ment type FET 160a, a diode 160b for shifting the 
level, and a depletion type FET 1 60c adapted for a 
load. The FET 160a, diode 160b and FET 160c are 
connected in series between the power source 
voltages VDD and VSS. Also connected in series 
50 between the power source voltages VDD and VSS 
are a depletion type FET 160d, a diode 160e, and 
an enhancement type FET 160f. The level shifting 
circuit 160 is connected to the output terminal 152 
between the diode 160e and the enhancement type 
66 FET 160f. 

Assume that the input circuit shown in FIG. 7 is 
implemented as an input level transforming circuit, 
and that it is used to transform a voltage level 
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width from the ECL level (0.3 volt in peak-to-peak 
value) to the DCFL level (0.6 volt in peak-to-peak 
value) using gallium arsenide. Simulations were 
conducted by using the input circuit of FIG. 7 
under particular characteristic conditions: gate 
length Lg = 1 micron, threshold voltage of deple- 
tion type FET Vtd = -819 millivolts, constant of 
depletion type FET Kd = 1.22 milliamperes per 
square voit, threshold volage of enhancement type 
FET Vte = +79 millivolts, and constant of en- 
hancement type FET Ke = 2.10 milliamperes per 
square volt. It was found that the clock frequency 
under the above conditions is 2.5 gigahertz and. 
therefore, the input circuit is operable at high 
speed. 

In summary, a differential amplifying circuit in 
accordance with the present invention has a fifth 
switching FET connected between the first switch- 
ing FET and the third load FET. and a sixth switch- 
ing FET connected between the second switching 
FET and the fourth load FET. The fifth and sixth 
FETs are turned on and off to change the amount 
of current flow sharply, so that the logical levels of 
various nodes settle within a short period of time 
and, in addition, the sensitivity is enhanced. 

The conduction of the third FET and that of the 
fourth FET are controlled by voltages appearing on 
first and second nodes, respectively. Hence, even 
when a circuit having a great load capacitance is 
connected to the output side and requires a great 
current, a sufficient current is insured up to the 
limit which depends on the drive capacity of the 
load FETs and the supply capacity of a constant 
current source. This is successful in promoting 
rapid operations. 

Furthermore, by implementing the third and 
fourth FETs as depletion type FETs whose ON 
resistance is relatively small, it Is possible to feed a 
great current to a succeeding circuit while achiev- 
ing a power saving effect. 

While the present invention has been de- 
scribed with reference to the particular illustrative 
embodiments, it is not to be restricted by the 
embodiments but only by the appended claims. It 
is to be appreciated that -those skilled in the art can 
change or modify the embodiments without depart- 
ing from the scope and spirit of the present inven- 
tion. For example, the enhancement type FETs 
114, 116, 132 and 134 of the illustrative embodi- 
ments may be replaced with depletion type FETs. 
When the enhancement type FETs 114 and 116 
are replaced with depletion type FETs, it is neces- 
sary to iower the reference voltage VR1 to a level 
at which the FETs 114 and 116 are operable. 
Likewise, when the FETs 132 and 134 are replaced 
with depletion type FETs, it is necessary to lower 
the reference voltage VR2. Further, the enhance- 
ment type FET 126 serving as a constant current 



source may be replaced with a FET whose gate 
and source are short-circuited or even with a resis- 
tor. 

5 

Claims 

1 . A differential amplifying circuit comprising: 

a first field effect transistor (FET) (114) of which 
70 conduction between a drain and a source is con- 
trolled by an input voltage (VI) ; 
a second FET (116) of which conduction between a 
drain and a source is controlled by a first reference 
voltage (VR1) ; 
15 a constant current source (126) connected between 
sources of said first and second FETs (114, 116) 
and a low potential power source (VSS) ; 
a third FET (128) assigned to a load and having a 
drain connected to a high potential power source 
20 (VDD) and having a source and a gate connected 
to a first node (N2) which is connected to the drain 
of said first FET (114) ; and 

a fourth FET (132) assigned to a load and having a 
drain connected to said high potential power 
25 source (VDD) and having a source and a gate 
connected to a second node (N3), which is con- 
nected to the drain of said second FET (116) ; 
CHARACTERIZED BY 

a fifth FET (132) connected between the source of 
30 said third FET (128) and said first node (N2) and of 
which conduction is controlled by a second refer- 
ence voltage (VR2) ; and 

a sixth FET (134) connected between the source of 
said fourth FET (130) and said second node (N3) 
35 and of which conduction is controlled by said sec- 
ond reference voltage (VR2). 

2. A circuit in accordance with claim 1 . CHAR- 
ACTERIZED IN THAT said third and fourth FETs 
(128, 130) each comprises a depletion type FET. 

40 3. A circuit in accordance with claim 1. CHAR- 

ACTERIZED IN THAT said first, second, fifth and 
sixth FETs (114, 116, 132, 134) each comprises an 
enhancement type FET. 

4. A circuit in accordance with claim 1, CHAR- 
TS ACTERIZED IN THAT said first, second, fifth and 

sixth FETs (114, 116, 132, 134) each comprises a 
depletion type FET. 

5. A circuit in accordance with claim 1, CHAR- 
ACTERIZED IN THAT said constant current source 

so (126) comprises an enhancement type FET. 

6. A circuit in accordance with claim 1 . CHAR- 
ACTERIZED IN THAT said first reference voltage 
(VR1) is produced by voltage dividing resistors 
(118, 120) connected between said high potential 

55 power source (VDD) and said low potential power 
source (VSS). 

7. A circuit in accordance with claim 1, CHAR- 
ACTERIZED IN THAT said first reference voltage 
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VR1 is a voltage (-VI) which is opposite in phase to 
the input voltage (VI). 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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